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[AH WSJ ^^SS!AH 

KXII#SJXH 2002.11.20 

£IM OlXh £A|g £!§Hg §J 0|« S»Sfe die OIXF 3 II 

[»S2| S^SSJ AN ELECTROLYTE FOR A LITHIUM ION BATTERY AND A LITHIUM ION 
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[^1 3 Jl£ ^£!A| eg^? §§§ SCIIOHI^ 944S 615S 
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^SIS HI 42^21 S§0|| £|£h SSI, ^d|g AHI60^£| ^ § CHI 2| 
^Oi^Sjgoi (oi) 

u\^mm&} 20 a 29,000 si 
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[&A^§^S] 18 m 685,000 S 

719,000 a 
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mn^ 1] 



1 0 /FU 

Ri— 0 0- R 2 - OiBcRs -Cv 



\ 



R 5 



^*!*Ml^r S^r ^^ylolji, r 2 ^ (CH 2 ) n ^ n^r 1 6^ ^o]ji ; r 3 ^ R 4 ^ ^ 

^-71 o]^'^xi^ -g-^ ^ ^ ^ ^ #71 s. 

£ 1 
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elf- ol^> ^UJ-g- ^ if-^fe e]f- *}*1{AN ELECTROLYTE FOR A LITHIUM 

ION BATTERY AND A LITHIUM ION BATTERY COMPRISING THE SAME) 

£ l£- ^ e|# ^l^V ^3E. 

£ 3^ -£UH 4fif tiling] 1^ ^ ^-^^ iL<y 

<4> [a>^a o V ol-g- «-o>] 

*Ml£r -IR3, ^ ^4 ^ ^7]^-^ ^4 s.^o] s^f- oi^i- 

^l^>7l 3tt ^ i^-^ el# ^^Hl ^ ?H4. 

<7> ^tfl-§- ^^>7l7l^ ^ ^1^ ol^ 717151 ^^^S. *}--§- 3^ 

3# *l*l*r ^ ^ ^^7> 3.7V, ^ 4Vtfl5] 3C^ H^^^^ ^cH-g- 
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^B^- ^Ei, ^] ^-g-^Jl t^lH Ajcflo] A^ofl Sfl^>^. 

<8> ol^> sg^- « 0 >^ 3.6-3.7 V cfs. ^x] , Ni-MH , 

Ni-Cd 3*1 ^-°fl ^ ^ 5U^. o]5i ^ ^ ^og.^. o^ fl 

*lfe ^"o V ^i ^^^^o] 0-4.2 V°1H #7}^^ °J:^*!- *l*fl°J] S^lrol ^^cf. cl 

-g-uflsl ^*fl^^-S. ^H-^l-Ji 91^. =lz]^ s^^- 7Hb 

Ni-MH J£fe Ni-Cd *1*H ^r-g-^fe ^(aqueous) *l*fl^<i *]*}<^ °}^^5.^7} Q^-Z) 

<9> 5^1- °}*} ^7-) 2] 3,7) &£X\ oj^-ol ^ # ^ ^#51^ ^ 5]f o)^-o] ^o] 

=)- S>-§-^ Li 2 C0 3) LiO, LiOH ^ -g-^-S] *\^-§r ^^*Vcf. o^tr 

# SEKSolid Electrolyte Interface) sll-oje)-ji *Vt}. ^ 7 }o\] SEI $\^-8r ^ 

^ A% ^ -g-^T Sfe a_V-§-^ ^-o>^cf. P£tr °l£r E^Clon 

Tunnel)^ ^*3*H ^# °1 °1 <>l£r Ei^^r e)# -g-nflsf 

( solvation) a] ^ #*fl o]^Rr -g-^-^l €- ^*H^^ ^ -g-^ofl =70^ 

^efloj^s]^ b}^ -g-j^A] 71^ ^ q-o> ^ <*^§. tr^f. 4^*1 
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SEI 3Z)^o] *§^S)JL q-^, 3# oj-g-^. cfA] ^ ^olvf cfs ^^j. «.tiV-§-^ sr>^ &7fl 

*H -g-^- SEI ^ ^Altiflo]^ ^(passivation layer)^- c| 

6 1# ^3*1 ^ ^^^il- ^ /Wer 5wrces, 51(1994), 

79-104). ola^ o)^ S o]*> ^715] o]^ ^ 0 j^.^ w^j-c^oi 3flAl 

<10> ZLSiuf SEI >&-§-^ ?>JH41olH?fl -fM-g-nflS] -g-sfl S o]^ ^ tflH.ofl 

7> t^^r ^1^<>1 /We/- Sources, 72(1998), 66-70). °]^\^ 7}iS^ *]<t"% -ft- 

7l-g-*fl<4 -g-^- ^fHl 4^ H 2 , CO, C0 2 , CH 4 , C 2 H 6 , C 3 H 8 , C 3 H 6 € ^ 5^. 

^ ^JjLofl aJa^ 7 >^ -^cq ^Kg. 7>7^cf. 

<11> g:^ ^ * jt.^ 7^1- A] AjTVol rq-^ ^7>^ ^7]2l-*)-^ <H1 M ^1 ^ 

<5^>7fi ^Cf. o]^^. xfl^ - 7> ^ z^-tg s.^ ^o. S <2_e^ 

^ 3*1 3 ^^^^ ^-^7} ^S]^ (swelling) ^<M: -R-^W. <?]*M 

^ ^*Md«1H ^¥-3*1 *M3°1 ^5^H ^ *}S\ JL 

Sl# Ol^f #7>1°} A-flH O^X| ^ S-Xl^o] o^Cf. 

<12> ofl^ ^tflofl^. ol-g-^V e^f- ol^> ^^)^ ^^flofl^. -B-7l-§-nfl^ T^^g. ^J- 

^^lM- ^^7}- -f^^ ^Aj-o] ^*vcf. 01 s. o]*H -a 

£r4H3 ^1^1^ ^15)^ ^ tlr^ol 7^>£]^ §-^l^ol o^rf. 
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<13> n}5H JL^r 7fl^^- ^ JlWl^ ^Sfl^ofl cfltb 7^°] *1 -Mi 3 

o«ol A>-g-s)ji °1# ^^^s Tfl -g-^l-^r 30 ifl*l 70% ^JEsL S^N-XI S]^ ^ S-^ 

-EVollim ?KS>lHB(7/3)^ ^tJ-^-ir A>-g-^ji -g-^- iL^ ^l^m ^ ~n~ 

(MCF)# ^>-§-*V^ JL^r ^€^4 ^^H3* 7fl^Kr w 0 v^ol ^l^>5l^cl-(/awr/7a/ 0/ 
Electrochemical Society, 149(1) A(9) ~A12(2002)) . JS^o] S^sl^l l^^tl 

^*fl t-^-i: ^ £#^JL ^-g-^ ^oflfe -^jl^o] 7j<5}5)±t ^*\}^o] zitfls. 

<15> ^ltt -^3* ^^>7l o.7l-§-nll^ ^6\) tfl*H 2 0 ifl*l 95 ^-31)%^ ofl 

^Ml^flii. ^7>*fl» i^-SRr ^1-8- ^^W: 

<16> [sHJ-*] 1] 
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<17> 



0 

X ° 

Ri— 0 0- R 2 - odlcRs =c 




<18> ^-71 *\d\]*) 1 6^ ^^71, H^r 6 12^ oI^Hji, tif 



^l^eflolE^; nl o. 7 ]^ n fl^ ^e^] tfl*H 20 tfl^l 95 ^*\%S>\ ^fl^a <>flEfla.7]l -fi-71 

<20> o]S> ^ m-xg^ cJ^l ^l^Tfl ^^t)-. 

<21> ^^o] H]^7^1 o]^> ^l(l)^ ^5^r £ 1^1 51*1=1 H>^- # 7 1 3*1^ 

^ ^^M^/c^^M-Si #^-§- <£^(2) £ ^(4)iLJL A>-g-*Vjl ^(2)4 

^(4) A}ojofl AllsE)eflo]EK6)l- #<^V°3 o]i- ^#]^ ^S^^(8)» n°\ 
^UOHl ^ A^A. ^7l ^^1^1 #Jf^f ^ #efl°lH(12)2}- 7 >^^l(i4)o.S 
^7} ^ #eflom(12)ofl^ ^^1^1 4<y- «J-*l*Hr <?M "^(safety vent; 16)71- 

t i^-. ^"71 <£^(2) ^ -g-^(4H zj-zj- ^ ^(18)4 -g-^- ^(20)^- ^}^}J1 ^^}(22, 
24)^ ^^1^1 ^ «oM^7l ^^11- ^-f-^71 #°\) #*M(26)* ^ 



<19> 



^ 1^£r Sl# 7>^^<?1 ^lEi^eflol^/clolE^eflol^ol 7 j- 
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<22> -S- ^ofl^fe. ^^91 ^-g-o]^^ 7>^^<?1 ^lE^^ol^/^olE^eflol^ol ^ 

iliM 3# #*1<3] ji^ >^ ^^s.^ o. 7fl AiAi^ ^ safe el# <>j*y #*l-§- 

<23> o]*} ^jo} ^^ofl cfl^ 20 tfl^l 95 -^-5X]%o) ofl 

<24> ^1-7) ofl^Efls: gc^ ofl3)57fl -fr 7] -§- n|] fe Jl ti] ^ -g-nflS. 90°C ^^1^1 

^* 7fl^^r ^ $!Ou} 0.71-g-nflo} tfl*><^ 30 ^% o]a o V A>^>711 3^ 

<25> IE 15}- ^*fl e^f- Ol^j- ^f-3tH7il 

<26> ^^H^ JlH]^ -^.g-nflofl l°) ^^^5 ^ 7}*} 

^ 7fl^d^- ^ $1^- Oj-qe} £^-g-^2)- ^ 7^>5]fe *fl 
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<8=^ a>^>t1i4, -f-^-^ M-g- -S-^" Aj-g-SHS. m.a$ 

20 xfl^l 95 H>^*>7fl^ 30 ifl*| 95 ^% A oM <Hl^3]s cc^ ofl 

EflSTfl -a-71-g-^a] <y=ol 20 njnVo] ^-fofl^ Jl-g- s.^ 7fl^d JL^7> nlPl^VoL 95 

^3Z]%» s^Rr ^^ofl^ ^ ^ §^^ol o^rf. 

<28> # 7 ] ofl^Efls^ -g-nfl^ ofl3.i=. JfE} §-<>l , ^7] oflBfl = 7fl -g-ufl^ ofl 

S^r t]Jf!H13jilL7} ^Cf. 

<29> i£^cq 7>Jit|lolB^l -8-nfl ^VilclETfl ^.Bfl^ wj-^ f^aK^Tfl o. 

^-g-nfll- 80 xfl^l 5 <£o.S. JE.^^. ^Ji t|] o] H 3) -§-nflS^ 

*flU 7V^.vilolje( DMC ) i c|6|^ 7Ka.i4MH(DEC), ^HSi ?K!ii4MH(DPC), ^M^S^ 7>Ji 
i-IMB(MPC), ^lH^S^I ^JiUlHHCEPC), *\M*\M ^^lolHCMEC), ^SLvflolB 
(EC), ESf^! 7>ili.1}olE(PC), ^-€3! 7>Jii41<>lH(BC) ^ o^o.^, ojofl 

<30> [sj-^i 2] 




53] 34^1*}. 
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<3 4> #71 -fM-§- D lHl #7] 1^ ^HliEfls S^l^ %7}Z}o) *dn^ 

<35> £]#<*^r 3*1 Vflofl^ e]f- oj£-a] ^-^o.^ *J-g-*H 7l^ol ^U] S] 3}-^-g- 

<36> #7l ASfe LiPFg, LiBF 4 , LiSbF 6 , LiAsF 6 , LiCIO 4> LiCF 3 S0 3 , Li (CF 3 S0 2 )2N, 

LiC 4 F 9 S03, LiAlO 4 , LiAlCl 4 , LiN(C x F 2x+ iS0 2 )(C y F 2 y+iS0 2 )(^7l ^ , x y ^ x}<3^<y), 
LiCl, £ Li IS. °1^<H^ ^oflAi ^iHs lfe i # S ^ 2 # ojAj-^. ^A]^ A>-§-7>^§>Cf. 

<37> S]#^^ ^JE^r 0.6 vfl^l 2.0M ^ ^HH ^>-§-^ ?M h>^*H, 0.7 vfl*l 1.6M 

^ ^IHH A>-g-*Kf %o] d H>^^>cf. B]#<*<>] 0.6M nlnVol^ ^sfl^^ 

7> ^>7i ^¥°1 ^^l^, 2.0M# 2^*Hr ^g-fofl^ ^5)1^^ ^£ 7 | ^7><5H Sl# 

<^l-8r^ °1^°1 7j-^£]^ §7^1^01 5ft tf. 
<38> £ ^ofl^ ^7>*flS A>-g-5]^ Aj-7] IS] fHH^l^. 3^#£ ^Sfl^ 

tflSH 0.1 10 #^%S] «g=o.S AV-g-Sl^ ^Jcl wj-^sl-r}. ^7>^o] o.l ^% 

nlnlojig ^ 7fl Al J L j J }-7> d] sj-ZL 10 ^^=%# a^Vfe ^-f^m 3*1 ^ 

<39> # 7 ] EHH^3li=L 3^## *>7] 5^*1 3 SE^r 4^ SEfe o]s.o) j^^-g- ^ 
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<40> 



3] 



<41> 



O 

X 0 

CH g CH2 — 0 0-CH 2 CH 2 0(!!cH==CH 2 



<42> 



mnM 4] 



<43> 



0 

X 0 
0-CH 2 CH 2 0<5 




CH=CH£ 



3 £W ^ Xl^. 7Ks±viHH<q ^7}^ #*!H 0.1 

50 w>^*l-7flfe 0.1 io 



-H-71^^71] ^7>%=-8: tflSH 0.1 tfl^l 5 W^^MItt 0.2 tfl 

*1 0.7 ^^ojcf. 

<46> JS. ^ofl^ ^«fl^ ^7^15. A}-g-3g ^ ol^ -fM^Tfl *>7l 2)-^ 55. 

<47> 5] 
<48> Q 



<45> 



R 



e- S-R 7 



0 
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<49> ^7} R 6 ^ Z|Z[ 0 S ^ 2 ^> Si^r 3*r £^7] , iHl^l iE^r °}%7]o] 

JL, M}^i}7\}^ Ci~C 4 ^ M7l, C 2 ~C 4 £] ^?fl^7} HL^ C 6 ~C 14 ^ O>^ 7 ]ol31, o]± ^VM" 

<50> ^ o. £ ^ a o V 7 1 ^fl;^ Sftj-b °l*r 

<51> ^ i^o] s]# o]x> ^ 2^f- o^oj 7 >^^o] ^El^HW^ol 

<52> ^oflA} *r-g-7}-^tr #^o^ ^aJSl LiMn 2 0 4 , LiCo0 2> LiNi0 2> 

LiFe0 2( V 2 0 5 ^ ^ ^ =4? ^--fr feTim-ol^ TiS, MoS ^ i§s}- 

<53> #71 ^ A>-g-£]^7 ol^ ^ 7 fl #^5.^ Wl^^ fht, ^Sj- 

^T^-B-, ^-^5)- ^lS7]-^-P>olHS.Wl^ %-o) ojo^ ^-7] 1=^0] ofl^- ^ 

£-(soft carbon: *\-& ^) 7>£-(hard carbon: .H^r ^ ?r4iH 91°-*] , £ 

33 HiSr ^o V , ^^HKflake), ^ SEfe ^ SE^r ^r<3<>l ^ouf 

6 H $33^ °H4. 
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<55> ^ E]# *J*1^ 4-§-4 ^ ^■^•ir ^ ^ ^4. 

^*1^H 5LS*H ^lH^Hl ^*8$ ^1: >^>-g-*>ul, M^, w>o]Dl, ^ ^JLofl 

45} i^ll- iMi, ^^"AS. ^l^-^^l ^J^i^Hl £5L*>^ *1H 

<57> ^-7)^ ^"Oj *{|^ oj:^-^ o_^x A>olofl Cj-^ S Q ^ ^ ^ o] fcj § ^^JI o] * 

^<y^ (winding)^ ^^(stacking)*H 4^-, #*1 TlM^l 

<59> (41*H 1-10 ^ Wliil^ 1-4) 

<60> ^7l £. H 7l^fl^ 2:^ -^-71-g-nflol] 1>15M LiPF 6 # ^ 7>tb 3 

7H1S. St^^ 3 Sl^r Si- «M 451 lMHI^l = ^ Hl^iffl ^K^H^ ; 

^ -g^§- ^I2:*>^cf. £ lofl^ EC/EMC/PC/FBtt 
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<6i> [3. i] 













EC/EMC/PC/FB 
30/55/5/10) 


(GBL) 


Sj-^ 3 


sj-t}-^ 4 


^JA]^ 1 


70 


30 


1 


2 






2 


50 


50 


1 


2 






^-^Hl 3 


30 


70 


1 


2 






^a|<^1 4 


70 


30 


1 




2 




5 


50 


50 


2 


1 


1 




^^H] 6 


30 


70 


2 




2 




^Aj^i 7 


30 


70 


3 




1 




4)^1 oj] 8 


30 


70 




2 


2 




^^Hl 9 


50 


50 


2 






0.25 


io 


50 


50 




2 




0.25 


B]xLti\] 1 


30 


70 










y|s<^l 2 


50 


50 










tf|H<^l 3 


50 


50 






2 




4 


50 


50 






- 


0.25 


a|S<^l 5 


100 













M-^Sl LiCo02(^^^^ : 10/zm), H^OM P) ^ (PVDF)l- 94:3:3^1 ^ 

$H J£Ss}jl ^2:*V ^ f£Efl^S ^ 4.9cmolJL ^^7> 147/rni<?] <#^- ^-#-§- ^flS 

^l-^cf. -5-^" l-l-^"?] ^S^^CPHS), ^-#^> ^ af^]^(pVDF)l- 89.8:0.2:10^ f^lS. 
NMP^i ^ ^frjel-t ^^>^l, oi ^e^l- ^ ^*i^H .EisKn. ^^ev ^ 

^ 5.1cm<>lJL ^l7f 178^1 <y ^ ^)^}^. ^7} <$^- ^ ^ -g-^- 

o] a>o1oi) ^^ofl^^(PE) ^#(^: 5.35cm, ^*fl : 18^0^-S ^ e fl oj 1- 

5. 1£) ^Sfl^ 2.3g# ^^^H S]# °1*> ^^11- »l2:^cl-. 
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<64> a o v 7 ) s£X\d\] i~io ^ tiling i tfl*] 4°) z}% ol*} 90°C^1 

d\)X\ ^-9} «o V ^l ^ ^ 2:71 2:^ ^ ^?)H ^ 

<65> 2] 





S7| V^ll 


40 1 4a|^ 




^A|Ojl 1 


6.01 


6.25 


0.24 


-M^Hl 2 


6.02 


6.24 


0.22 


^^H] 3 


6.00 


6.31 


0.31 


4 


6.01 


6.24 


0.23 


<*M°fl 5 


6.02 


6.28 


0.26 1 


6 


6.01 


6.25 


0.24 ; 


7 


6.02 


6.24 


0.22 


^^Hl 8 


6.01 


6.23 


0.22 ; 


9 


6.00 


6.17 


0.17 


io 


6.02 


6.23 


0.21 


\3\53.d\] 1 


6.00 


6.54 


0.54 


alHc^l 2 


6.01 


6.51 


0.50 


3 


6.02 


6.52 


0.50 | 




6.03 


6.21 j 


0.18 



<67> s& 7 ] ^AHl ^ Hliaoflsl 7J^% ^-^-^^(CC-CV) 23^«fl^l 0.5CS 4.2V3 

^l^ov^] cf-g- CC S^HH 0.2C5- 2.75V^| ^l^^xl «J-*}<5H ^o^o) 

^ -f^tb ^j-g- ^Eflfl^Cf. 

<68> Aj-71 ^a]^1 ^ tilm^^ z]-^ ^^-^^(CC-CV) STi^HH ICS. 4.2V^ 

^ CC S^SHH ICS. 2.75V^ ^l^^^l U^^H A >°1#°11 *r x $^■ 
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JL-B]-] 

^ 6}U)5}- Jl^r ^« S-Ajo] 71^^ Wl^Tfl A>-g.sl-^- ^ofl -f^ 
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1 1] 

t i] 



a o T-7] *HH Rl^r 1 vfl*] 6^ <g%7), SE^r 6 ifl^l 12^ o>€7lolJl, R 2 

(CH 2 ) n AS n-g- 1 vfl^l 6^ ^^1^1, R 3 £ R 4 ^ ^ ffi^r 1 *fl*l 6^ ^7l^. 
2] 

3] 

4] 

afll^ofl ^-71 -B-71-g-nfl^- ?}*m]o]^7f\ -g-nfl, SE^r 7V_!i o] B Tfl -g-nfl^ «J-*J=^ ^ 



0 

X ° 

Ri— O 0- R 2- odicRa =c 
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[3^*8- 5] 

(DEC), ^HS-iJ 7>Ji^olH(DPC), ^illi^^ n^-^ 0 lB(MPC), 7hH.i4MH(EPC), 
nfl^oll^ 7>J5Lv|HB(MEC), ?KSLv|HE(EC) f HS^iffl 7]-J±v|jol H(PC) ^ 

6] 

[ 2] 



^7} ^3_$ HL^r 1 vfl*l 10^ <£2]7MaI 0 vfl*l 6^ 3^<g. 



*fll*SM &<>H, ^-71 2l#^^r LiPF 6 , LiBF 4 , LiSbF 6) LiAsF 6 , LiC10 4 , LiCF 3 S0 3 , 
Li(CF 3 S0 2 ) 2 N, LiC 4 F 9 S0 3 , LiA10 4 , LiAlCl 4 , LiN(C x F 2xn S0 2 )(C y F 2y+1 S0 2 )(^ ?]*\ , x ^ 7> 



^17%H1 SI^H, -*7l ^ 0.6 vfl^l 2.0M^ Aj-g-s]^ ^'sfl^. 




7] 
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9] 



10] 

*llrM 5a°H, A oM ^^fl^ ^7>^i^ ^ ^°IM ^sfl^ cfl*V<^ o.i vfl-*l 

n] 

12] 

aflirM -*7l ^vilolH^ ^7]-^ ^Sfl^ #^=6fl cfl^H o.i 50 ^ 



[ 3] 



0 

X 0 

CH 5 CH 2 — O 0-CH 2 CH 2 0(!!cH=CH2 



[ 4] 



0 




0 

'0-CH 2 CH 2 0(!!cH=CH 2 
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13] 

afllllMI #7l -fM^Tfl S^I-SJ ^7>^ tfl*H 0.1 tfl*l 5 
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